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Abstract

DoQigo con$i dcrations ad concopts cru presantad
for tht ●ccstoratiag 8tructurea for Clu Fu$ioa 14cte-
rtals Imadiatica Test (PMLT) Facility. Time struc-
tUCCO consist Of thr~ ujor UmitS: ● 0.1- to 2+tQV
radio- f roquency quedrvpols bcaad en the&ucsiaICOU-
OCpt, c 2- to 33+I!!I!Vdri.fc-tube bcC UdC UP Of -O

sapcracs tdtc dcsi-d go gmmrato ●ithm 20- or
3S+4CV IMU, cod m ●CIaIW dicpereia cavity ccwbls
of spreading themore of the bag sLi@tly to ●s.
thomal LoadLas h tho tcr@t. ?)CCWCQof ~robcblo
boea ●ctivctioe, tlw drift-wbalifuci# dasigned sO

thct •li~nt ●ud mciaewuuca & not roquiro urmod
●ntry into the tcnke. Thit conmrvctiem c3so lad to
Cha choica of ● conventional vacutm syscm cod hce
infl t,mncod tb choicg of -Y of the rf intorf~ca coo-
pononts. Tha hi@-poword PNIT mchina is wry heav-
ily bea locded end dclfvurs Q LOO+ coutinmue duty
dwt8roo boa a s fhuins liquid lithhm tm~c . The
pouw on ccr~c i. 3.S WI 4pocited in a 1 x 3 cm
apot. S9caue6 of tba criCicc3 tiportmcg of tha 10U
•w~ section of this cccelsr~tor a Mm qill in
tho ecchim , ● S-HOV [ ocotypm will h conetrwtd ●d
tcctsd ●t theLoc Al- ScieutUie Ldxxstory (ML).

Incroduct~ou

Th@ FIUT ?Ccility will Ccoist in tln ULt@t*
●chiwevmnt of cmacicl fusho powor by providins ●

intwwe SOUVCQof 14. 1-*V nautrom for f irct-uall

%rk s upportad b inu s Ikpartusltof Snvrv .
*Wascfn@ow+lcnf;d, P: 0: SW 1970, Richland, WA
993S2, IUDL aployots working st the Lo@ AI-os
Scientific Laboratory.

uterials ~W md utsricis dcvolowt studies.1 J2
TM hi@ nautroo flurvoln (10L5 n/8-a2 in 10 a3)
is to M achhmd with w ●ccaleracor of Unpraeo+nted
continwuc duty potmr and bern intotwi cy, dooimod for
● f utctiorml lifo of 20 yosre. A l= cu dautoron
be= will h fired ● ●ithmr 20 or 35 tM into ●

rapidly flouinc liquid lithim tcrgotthctmat b.
●xposoddirectly to tb km vithouttho ●id of m
ioolatioa vindou. A picn via? of the ●ccalorator end
its ?mm trcmport qcta is dwum in ?ig. 1.

Tuodaootal ehoicas in oporacins pcraetere for
PM2T cre IOU injection onor~ (100 lteV) cad ● relc-
tivmly bi@ S0+S3s rf hqmmy .S TO raduce 10S% of
the high-intansity b.-, tho bom of thm drift-tube
lincc i. mcdc ss lcrgo 4s prscticsl (O-a di- a4xi-
Em) cad design of the first drift-tub@ is mcde consid-
●rably ●asim by iajectias CM b.- ●t 2 NeV instead of
tlwmra convoutimd 500 koV (this iutrcstasb@a-
l-bda to 17.3 CMw 8.7 cm). Ri#ms imjsctioa emer~
is mcaplishod u*ia* ● uaiqum rf qutdrupota ●tructuro
(UQ) thct●fficimtly sccopts C* leaittcna hQ_
frm the 100-k@ inj~ctor. Tho EPQ mpcures ●ssoo-
tic31y ●ll tln beIa at ttmag hi aner~ac cad focuses
it vith rf fhld$. Tho EPQ then phce~bunchec the
becm ● W ~z ●d scc*ier#t8s it to 2 !4W for irljGc-
tion into thm drift-tub. liocc. 2%. SFQ wee sdaptod
fro, theaumica dasip.~ts

TtM high-mor~ be- trcmport (lISST) syctm
cmria on the *riodic focusins soquma of tho
uchine aid it cm dolivor thaIMU to ●ithor of two
tcrpt ails throu~ ●chroutic bands. b TO spread
the boa omrgy co prwoat ovarhoatifit tha Iithk
t#get cau#@d by •nur~ depmition ●t tha Bra= pask,

provida en ●n.; JY dispersion rf

/“-
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?is, 1, Ovwrall layout of the MT accelerator m+ bocm trm$port system.
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cavitv ●t the oucuut of the drift-tube linec. This
c~vit; raaablos tlw last Iimc coil ●d oparatas at
79 MS so tlwt t~ ●er~ dispersion of th %iam
\,mriw xith ● l+z baat ralative to the fumdmntal
:lcceleratoc frequency.

Diocusoion

The FMLTaccolorating ●cructuma are computar
designed to schieve optim- be- dynmica and high
accelerator efficiency. Careful code Aesip ia ●ope-
cia Lly important in developing tha EJFQbecmue of i to
unconvmtionel ad witeated aetumi. The cavity d,aign
code SUPEUZISX wcz ueed on the EYQ despite lack of
rotational a~acry about the beo exia by acudying
:he structure am a toroid of extraely large radiuz.
This simplicztim ●llowed the TE2~9 quedrupole rf
mode to be ●atabliahed. Acceleration ia achieved
through longitwiinel fringing fields GOtheevane tips
muot be fomed into ●periodic, pheawahifted ermye.
To aaaure proper field diatributiona and beam dyn-ics
through this structure, both SUM!RFISM●nd the be=
dynamics code PMMLLA wre uzed. 7 The RFQ ia still
in its aodeling scagea end no specific deoignx of the
full-powered atrutture have yet been made. Beceuee of
che high mechmical preeiaion required in the venee ●t
the small ●perture thatwill be uze’, special fabrica-
tion techniques : uch ●a electrofomhg ●nd copper
plating ere beins conaidxred. A full pouer proof-of-
prlnciple teat of this structure will be eooducted ●t
440 Kliz prior to &ai@ing the full size ~+z “MQ
for the 5-MeV ML prototype.

The drift-tub linzc consists of tvo continwuz
tank secciona, 18- ●d 15-E long, joined by en inter-
tenk ●pecar. The tzoke●re drivm by 7 ●nd 6 hi@-
pouered rf coupli ms 100pa, respectively, ●ach capable
of delivering 500 kW cv ●t 80 Mliz. Recaw. the rf
●yatema for ●ach tank ●re independent, the downstream
tank cnn he shut Awn when 8 20-MeV beam ia required.
Diagnostic are located in the intertznk apecer that
is one beta- lmbda in length (M.3 cm ●t 20 14eV), The
tanke will be fabricated of 2. S-cm-thick copper cled
steel surrounded by ● continwua steel shell jacket

for longitudinal cotmtarf low flood cooling. Other
fa~rication techniques using copper plating wore
rejected becauee we L-eked confidence that the necea-
●ery quelity could be achieved in induetry vichim the
required schedule time. Of primcry concern in deeign-
ing the teak $tructure ia the expectation of high
●ctivation levels cauaed by be= spill im the drift-
tube borao. The Rusaien version of thie fecility
sea-es en ●ersge distributed be= spill of about
10 @/m and they plan to uze rmote handling methods
for maintenance.s fi LAsL deaipt ●aamea 3 MA/a
plw “hot ●pota” md ueea the philosophy that mainte-
nance should be ●dsptable to mechanically ●miaterl or
“lm~hcndled” techniques eo thet a men should never
be required to enter the tmkx. This design philos-
ophy led to ●daptation of the girder-atromcback drift-
tube ●uzpeneion concept! illustrated in F~s. 2. The
$reat ●dvmtage of this technique ia ita czpecity for
●ccurately ●ligning the drift tube- on ● given girder
before installation in the tmkz end then ●ligning
●ach ~rder relccive to the others by methode invol~
ing only ●xternel aeaaur~enta. Each girder ia ●bout
3_m loas, ueigha ●bout 300 kg ●nd carries fra 3 to 14
drift tubes. A total of 11 girders is planned.

This girder swpmaion concept resablea that wed
on the =M linac ●xcept that the gjrder-serongbacke
ue supported by the tank stiffening ringe and not by
the vacum sealing ●urfscea ●$ ia done ●t CERlf.This
method ●laminates the warp thetmi~t be induced in
th firderz when the FHIT tankz ●m ●vacuated or
powered. Unlike theCEM girder-stron@ack, the LASL
deai$n incorporate ● aeperable apmner hatch cover
thatprovidoa the vacutm and rf aeela ●a w1l az
bridgLng ●nd ●trea~henint the tmk clot. The apmnor
dooa not beer diractly ●gefnet the drift-tube ctas
znd thuz slot werpefe cmeed hy vacum or thermal
preaaurea on the tmk cmnot ●ffect the drift-tube
●ligment. The only preaaurea ●cting on the atu ●ra .
●pplied by the belloue thnt form the vacu~ aesl
between the epanner ●nd the ●totna md these force. ●ro
relatively emall ●nd directed principally ●long the
9teme. The, the groae ●ligmzenta of the girders
ralative to one another ●re ●ffected only by warpage

●

Fig. 2. YMXTgirder-?trongback drift-Cube suspension,
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Of the ●tiffeninc riaxe, which dtould be wry -Al.
If this mixaligukttt&s bocom ●xcedve, &xt@rnal
●djuetmemto Of the kiwmatic =ouIt$ by which tb PP
dore ●re supported ●t wch ●od C80 COt?9Ct the prO&

lm. A great advantage of the girder-spcnnu ●pprotch
is that only the girde-to+rdxr ●ligr-enc is
●ffacted by emall displacemmts of the tmlu md not
the drift-cube co drift+ube cli~mt within # gir_
der. And, met iaportently, 8 M need not enter the
teoke for ●ithu maintenance or ●ligment work.

The slipent ●ystee ueu bore si~cs ●loq the
sidu of ●ach girder (two sligrnant aon-onts per gir-
der ) relative to •li~at scope -tett$ connected to
the linsc vault wall. Overlapping ●ligmant ●trveyc
●llrnr xccumto girder- to-sirdu alignment(~.25m)
end them uc cmri~d on into the injector ●nd EEBT
●laents . The ●lipant of tln drifbtube mcgmtic
ceatcrs i- eLso :0.25 rn rof ●encad to ttn ●li~cnt
monuent ●xin of the @ rdu.

Thx sUMKVISE codx9 wu uxed to optimize the
drift-tub. shepw. Zhx need for power efficiency sots
● limit on ZT2 co ainimha tlm ttmber of rf _pli-
fitre requiwd. At the su time,cooeerwtiva field
lavel limits Of ●bout 10.5 @lV/m●t 80 NSz ●c i8posod
by Kflpatrick’a cricuioe. Thue, cm ●vuage 1.4+V/m
●ceoloratins gradient was ●elacted. The tapered M08W
on the drift cub.. S11OW●ll of the ●bove conditiow
to b~ mot. Sec~wo of the FM2T continuow duty, cu-
ful coolins of the drift-tub. faces is required end ●

temperature controlled Coolinc ●yeta, independent of
tho tenk cooling, is provided for this PUCPOXC. Each
drift tubecuriu * quedrupolo ions cad vxriu in
weight up to ●bout 500 kg. Each drift-tube sta is
sctachad to the girdw ●t two points for ctiffneu end
versatility of ●ligmont. Ali~mt of the quad mng-
notic centua is don. by trensportins the girder to co
●ligament cooling dock whua the girdu is auepended
on typical kinematic momta.

The conk cooling jacket is # 10- steel shell
button weided co specmo for longitudinal co~terflow
flood cooling. Counterflow cooling ukes CA svusga
temperature at eny point●long the tenk constent
despite the 2.6°C ceaperature rise ●llowod ●lon8 ●

given channel to terry way ●pproximate y 3.5 kU/m2
cawed by 1.5-MI rf power dissipated in copper
losses. Tho zwr~ge water Cenperature in the tmke is
held cormtent ●t nominally 29°C with :0.3°C
tolercuco.

Tn addition to the girder ●somblies a n~ber of
other tank penetrations ●. shown in Fig. 2. These
include che 1S diatributcd rf coupling loops; 4 mocor-
driven slug tunme 2 per tank; ● n~bu of rf R-probes
for clo~in~ the rf phase end mxplicude servo loops;
and 72 post couplere, 1 pu dtif t tube. The post
couplers ●e necassery co stcbilizo the rf fields.
The wcuuu ports ue of tha ●ppropriate geometry to
atconueca the rf fields do thet ●laborate wscer-cooled
grilles ●e not required. An ●eternally htmg conven-
tional vacuum system●gnin w-s dictated by the need to
free tho tank intuior from ●ll pocoibl~ man-main-
tained #quipment.

?roof -of-Principle Protog

All the FllZT desip, UP to S ~ev, will ~ c~cked
●t LASL with ● full duty prototypa producing e 100+
~ bon. This qxtelewill includo ● prototypical
100-KeV injector, co SO-ms LVQ to rsise be= ●nergy
to 2 MeV, ●nd en ~-!UIx drifetube lime from 2-5 M@.
The ml tiple drive rf s YSC- wnd its phae ●nd _pl i-
tude control servos, and thx ●nugy dispersion cevity
WiU SISO M prototype. TM prototype drift-cube
Ihec will w. s suspension girder eee-bly identical
to the firtt PB!XTgirder ●e ●lfgaent xnd uintenxmcc
techaiquee con be check.d. - m-w be- ~11 bO
emcLysed iII ● short nonwrotocyvicd trcnxport line
end will be dvlivered to ● rsdiatiotrcooled rocatins
~~phite be- otop. TM 1S- u A &uterom caponenc of
the be- thct ie ~ly prwent in 100 d ~
will cmee $ae -all ●ctivation buildup end occa-
shnal shore teets will be conducted wieh ● full
currenc deuceron be-.

-

the daoigo of the PKLT ●cceleratin- structures
incorporates techmiquxe of ●ligmemt mid acintencnce
thst winidse the nwd for ●xpowro of pereonmel to
pocentixl ●ctivation hsxcrds. This S- philosophy
●lso is being utilised in the USBT. Rewy reliance on
beta dynaico codes end rf design codas is necoeaxry
to ●eure a power efficient ttructure with low be-
spiil. Proof-of-principle testing of the first 5 MoV
of YIUT will & conducted on ● full current, contin-
uous duty protoytpo to be constrwctod ●t LASL.
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